The implementation of innovative and efficient irrigation techniques is among the greatest challenges facing agriculture. In this regard, a linear programming model is presented in order to optimize water use. The idea behind this model is to assess the effectiveness or ineffectiveness of precipitation to determine the amount of irrigation water required to optimize water use. To achieve this idea, the "knapsack" problem decisional form was used, and the combination of the linear programming and the above-mentioned form proved satisfactory. Field experiments were conducted in Algeria. Based on calculated budgets a model using linear programming was developed. A comparison between the model results and the field findings suggests that the model could reduce water consumption by 28.5%.
Introduction
Irrigation is the most used means of agricultural intensification and will stay a cornerstone in the domain of food security policies towards climatic variability [1] . It can be defined as artificial implementation of water in agriculture and is regarded as a very significant constituent of agrarian activity [2] .
In most countries, water is used for irrigating land more than for any other purpose, and any decrease in water supply can cause production and yield to decrease.
In order to reduce water consumption without compromising agricultural yield as an economic mainstay, various studies have been carried out by researchers, who had different visions on the subject.
Some researchers attempted to estimate evapotranspiration to determine water needs and hence to optimize the use of irrigation water. A neural network approach was proposed by Laaboudi et al. [3] to estimate the reference evapotranspiration and resolve the problem of the high number of climatic parameters needed to use Penman Montheith equation. Takakura et al. [4] used the energy balance equation to measure evapotranspiration. Takakura et al. proved in their study the simplicity and suitability of their method for irrigation.
For the same purpose, support vector machine method was used by Yao et al. [5] and artificial neural networks technique was used by King et al. [6] . Extraterrestrial radiation, air temperature, and humidity were used in [7] to estimate potential evapotranspiration and to assess future climate change effects on the vegetation.
Other researchers insist on the necessity of considering the economic factors [8, 9] , to decide about irrigation depths and select crop zones for economic benefit; Kuo & Liu [8] developed a customized genetic algorithm. For the same purpose, the exact optimization methods were also used, to mention but a few, linear programming [10] [11] [12] , nonlinear programming [13] , quadratic programming [14] , and dynamic programming [9] .
Many authors used real time monitoring applications [15] by means of wireless sensor networks (WSNs). These networks make possible a timely and minute irrigation application according to the existing environmental conditions, resource availability, and weather forecasts [16, 17] . The potential applications of WSN in irrigation cover a large set of scenarios and applications [18] . For instance, a real time intelligent irrigation controller has been conceived in order to detect the optimal irrigation time [19] . For the same purpose, a wireless data acquisition network was implemented and applied to control drip irrigation of dwarf cherry trees [20] . Angelopoulos et al. [21] minimized the study area and proposed a smart home-irrigation system. This system is managed to maintain soil humidity levels and cover the different watering needs. Ant Colony Algorithm was also combined with a wireless sensor network to identify areas which are relatively arid and avoid water wastage [22] . Another implementation of WSN for two kinds of soil and six different crops was performed by Kumari et al. [23] . Gao et al. [24] combined WSN with a fuzzy control system in an intelligent water-saving irrigation system in their research to achieve remote on-line monitoring and control.
To highlight the impact of WSN use in irrigation, a comparison study between automated drip irrigation system and non-automated drip irrigation systems was done by Soorya et al. [25] . This study proved that the automated system exhibited more promising results compared to the other system. However, WSNs consist of batterypowered nodes known for limited energy capacity [26] ; as a result, several studies about solar powered nodes in irrigation were proposed as a solution to the energy constraint [20, 27] .
Among the various approaches presented, the linear programming model is considered as the most heavily used technology in resource management, such as the problem posed in this study. Therefore, this model has been selected in order to ensure an integrated irrigation management.
The new feature in this proposal is to take advantage of the knapsack optimization problem, which dates back to more than a hundred years to solve a contemporary problem, which is water shortage. The object of this proposal is to develop an approach which uses the right amount of water and replace the traditional strategies of regular irrigation whether the plants need it or not.
Besides the discussion of previous works performed in water optimization, this study comprises five sections; the first presents factors that affect plant water needs, the second deals with the model description followed by model formulation using linear programming, next a numerical study will be done using Matlab R2015a Software to validate the performance of the proposed model, and the last section concludes the work.
Materials and Methods

Experimental Setting.
The study of cereals was conducted in the meteorological station of Ain Skhouna; municipality of Zarma was selected; it is located 23 Km east of the city of Batna in Algeria. The variety of the sample crop (winter wheat) used was sown on November 20th and harvested on June 10th. The climate is semiarid with an annual average rainfall of 327 mm, insufficient for the cereals, due to a dry period of 06 months from May to November, and thus requiring irrigation (see Figure 1) . The soil is not saline and is rich in limestone with a slightly basic pH (7.1), in a fine clayloam texture [28] .
Determining Plant Irrigation Needs.
Determining the timing and amount of necessary water for irrigation (plant irrigation needs) can be a complex process that takes into consideration factors such as the following.
Climatic Conditions Prevailing in the Region.
The effect of weather on plant water needs is given by the reference crop evapotranspiration "ET0" which can be defined as the rate of evapotranspiration from a wide surface of 8 to 15 cm tall, green grass cover of identical height, actively growing, completely shading the ground, and not short of water. It is expressed in mm per day [29] . ET0 is calculated using (1), which takes into account the climatic parameters of temperature, solar radiation, wind speed, and humidity. This equation was estimated from the Penman-Montheith formula given in (2).
where ET0 is the reference evapotranspiration [mm day is different from one plant to another, and from one growth phase to another.
The Properties of the Soil.
The type of soil plays a major role in determining the plant water balance. The soil water content is mainly due to its texture, which is determined uniquely by a combination of three variables, sand percentage, silt, and clay content of the soil [33] . Water retention capacity depends on the composition and compaction of the soil. Crops sown in sandy soils need more water because of higher infiltration rate. Likewise, surface soils need more water compared to deeper soils [34] .
Irrigation Method.
To select a convenient irrigation strategy, it is necessary to be aware of the benefits and shortcomings of these strategies. The agriculturer has to be able to decide about the best strategy to use according to local conditions. However, it is often difficult to find the best option since any strategy has benefits and shortcomings [35] .
The choice of the irrigation strategy, that is, using surface, sprinkler, or drip irrigation, is mainly based on natural conditions, the kind of plant, the available techniques, prior experience, the available labour force, and the cost function [36] .
Model Description.
There are different sources of water to meet the needs of plants (see Figure 2) .
First, rain, which is a natural source significantly affecting the amount of water to be added to the plant, is efficient when rainfall exceeds a threshold 1 and is less than 2, or when the amount of rainfall of three consecutive days exceeds a threshold 3 (see Table 1 ). If not, the rain is qualified as isolated and therefore not useful for the plant. These threshold values vary depending on the climate and soil of the agricultural zone; for example, any isolated rain less than 10 mm or any episode where the amount of rain over three days is less than 15 mm. Similarly, the excessive volume of rain stored out of the reach of the roots cannot be considered [37] . Another source is the soil reserve which plant roots can reach.
Since soil oxygen is essential for root function, the growth of plants depends on the H 2 O content and oxygen movement within the soil [38] .
Water in the soil can be classified as available or unavailable water, based on the amount held in the soil between retention point and wilting point; water volume can vary from a small percentage to more than 50 percent [39] . The amount of available water depends on the soil textures and the rooting system of the crop.
According to Tiercelin and Vidal [37] , the useful water content is given by
where is useful water content and is Retention point, that is, water content in the retention capacity. If equals , there is an excess of water; is wilting point, or water content capacity of wilting. If equals , there is a lack of water.
It is also possible to calculate using the equation of useful water reserve:
where UR is useful water reserve and is depth of soil reached by the roots.
And the most important resource is the water provided by the agriculturer, which is generally a limited resource which must be used with precaution.
This resource represents the difference between the total amount of water needed by the plant and the water provided by rainfall and the soil.
In addition to the discussed resources, plant water needs include all losses such as evapotranspiration, which is expressed by (1) , and losses during irrigation, expressed in terms of drainage water and represented by " " in the proposed model. The design of the model suggested in this work is generally based on the flowchart illustrated in Figure 3 . The idea of the system is to take advantage of all available water resources to determine the optimal quantity of irrigation water, and as noted in Figure 3 , the system handles all conditions that may be faced by the agriculturer during the irrigation process: Case 1. When there is no rainfall and the soil moisture is insufficient to cover the lost water, the irrigation water provided by the agriculturer will be equal to the difference between plant water requirement and soil water content.
Case 2.
If the soil moisture is equivalent to the plant water needs either with or without rainfall, in this case, the irrigation water will take the value 0.
Case 3. If rain and soil moisture are not effective, and there is a lack of coverage of the plant water needs, the value of irrigation water will be equal to the difference needed to cover this lack.
An analysis of the efficiency or inefficiency of precipitation and soil moisture will be discussed in the next section.
Model Formulation.
In this study, a linear programming model is used. A set of techniques and methods is inferred from mathematics and other sciences, which was developed during World War II, and it is continually applied by researchers to improve management decisions [40] .
The formulation process model contains (i) the identification of the decision variables,
(ii) the formulation of the objective function, (iii) the identification and the formulation of the constraints. 
Identification of the Objective Function.
The aim of the proposed model is to minimize the quantity of water required for irrigation using soil humidity and rain, as explained in
1 = 1 for ∈ and 2 =1 for ∈ UR.
Identification and Formulation of the Constraints (1) Limits of Efficient Rainfall
(This condition applies just when there is successive rainfall.)
(2) Limits of Useful Reserve
The same conditions remain valid for the EUR, given that the latter is less than UR Max . 
Threshold values vary from one agricultural zone to another, according to climatic conditions. These values are computed as illustrated in Table 1 .
Therefore, the problem was reduced to the following linear program:
, , , , , , ≥ 0
In this model (i) the objective function (12) with constraints (13), (14), (15), and (20) minimizes the quantity of irrigation water, (ii) constraints (16) and (17) are used to check rainfall efficiency, (iii) constraints (18) and (19) are used to check the efficiency of the soil reserve in water (soil moisture), (iv) constraint (21) is used to ensure that at the end of the planting season the soil reserve is fully used; thus it is well exploited in order to optimize irrigation water.
Results
In order to highlight the necessity of using a linear programming model for irrigation water optimization, it is necessary to first determine the values of each term of the proposed model as described in Section 2.4. Results in Table 2 illustrate the monthly variables over the experimental study field, used to resolve the optimization problem.
In order to check the validity of the proposed model, the obtained results will be compared with the usual amount of water, used for irrigation during the experimental period. These values are based on traditional methods. The usual and estimated irrigation water distribution from January to June is presented in Table 3 .
Discussion
In the presented proposal, a linear programming model was combined with the "Knap sack" problem decisional form to evaluate water use efficiency, by studying the effectiveness or ineffectiveness of rainfall and soil water content.
To resolve the optimization problem, the linear programming function of MATLAB R2015a software is used. The obtained results indicate that the total irrigation water measured using the proposed model is less than the total usual quantity with 202.95 mm, and this is also confirmed in Figure 4 , which shows the difference between usual and estimated irrigation water during different plantation periods, and this has to do with the full use of all available water resources, either in the soil or as rainfall, as described in the system constraints. Figure 5 shows the monthly difference of estimated and usual irrigation water from January to June. It can clearly be seen that there has been a positive difference between usual and estimated irrigation water. This difference increases to reach the highest value in the month of May, which is estimated at 62.34 mm, and then decreases until the month of April to 11.36 mm, and this is a logical decrease because rainfall in this period reaches the lowest levels as shown in Figure 1 .
According to the system constraints, the lowering in the value of means more economy in water as a source of irrigation. Moreover the increase of this value which is due to inadequate and to cover the plant's needs means that there is a renewal of soil water, which helps prevent the phenomenon of underground water pollution.
Moreover, by looking at Figure 6 , it can be noted that there is a direct proportion between rainfall and the difference between the losses due to the evapotranspiration and drainage on the one hand, and the estimated irrigation water on the other, which means that there is a decrease in the amount of irrigation water accompanied with increase in rainfall, which proves that there is an optimized use of rain water as an alternative resource for irrigation, and this is one of the most important features of the proposed model.
The results of this study have revealed the importance of irrigation water management, especially in arid and semiarid regions, under extreme climatic conditions. The study takes advantage of the positive impact of precipitation and soil water content to improve the efficiency of water use.
Conclusion
The present paper attempted to develop a linear programming model that improves water use efficiency based on weather and soil conditions. The model in its structure is based on the use of simple equations, which makes it attractive to use by a wide variety of agriculturers.
As shown in this study, the model can be used for agricultural purposes, and the experimental results demonstrate that, by applying the proposed optimization model, it is possible to reduce water consumption by 28.51%.
Furthermore, excessive irrigation can lead to ground water pollution and to salinization of this resource. Hence, this method can reduce these effects through rational use of water.
In addition to that this model is feasible to apply in any area; the difference lies only in the threshold values characterizing each zone.
It is worth mentioning that this system should be further developed, so that it will have more features and can be combined with recent technological advances like the Internet of things in order to monitor and schedule irrigation water.
Moreover, this system could be developed for use inside greenhouses, where it is possible to control external factors such as relative humidity, temperature, wind speed, and sunshine duration, and also in order to enrich the system International Journal of Agronomy 7 with other parameters that might be the subject of further investigation.
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